The active form of the Drosophila steroid hormone ecdysone, 20-hydroxyecdysone (20E), binds the heterodimer EcR/USP nuclear receptor to regulate target genes that elicit proliferation, cell death and differentiation during insect development. Although the 20E effects are relatively well known, the physiological relevance of its receptors remains poorly understood. We show here that the prothoracic gland (PG), the major steroid-producing organ of insect larvae, requires EcR and USP to survive in a critical period previous to metamorphosis, and that this requirement is 20E-independent. The cell death induced by the downregulation of these receptors involves the activation of the JNK-encoding basket gene and it can be rescued by upregulating EcR isoforms which are unable to respond to 20E. Also, while PG cell death prevents ecdysone production, blocking hormone synthesis or secretion in normal PG does not lead to cell death, demonstrating further the ecdysone-independent nature of the receptor-deprivation cell death. In contrast to PG cells, wing disc or salivary glands cells do not require these receptors for survival, revealing their cell and developmental time specificity. Exploring the potential use of this feature of steroid receptors in cancer, we assayed tumor overgrowth induced by altered yorkie signaling. This overgrowth is suppressed by EcR downregulation in PG, but not in wing disc, cells. The mechanism of all these cell death features is based on the transcriptional regulation of reaper. These novel and context-dependent functional properties for EcR and USP receptors may help to understand the heterogeneous responses to steroid-based therapies in human pathologies.
In humans, estrogen stimulates cell proliferation and survival through activation of the estrogen receptor but, it can also induce tumor regression of hormone-dependent breast cancer in women who have received anti-hormone treatments. 18, 19 The COSMIC data base shows an intriguing upregulation of YAP and TAZ factors in endocrine cancers (thyroid, breast, ovary and prostate). 20, 21 The Drosophila homologue of YAP and TAZ is Yorkie whose overactivation also results in overgrowth. 22 Cell death during metamorphosis is considered a suitable model to investigate the basic mechanisms of tumor growth regulation by mammalian steroids. However, the puzzling diversity of steroid effects on tumor growth, including the lack of effect, challenges the insect approach. In this context, it seems justified to explore cell death mechanisms that could be differentially controlled by steroid receptors versus their canonical hormone ligand, and to assay their effect on Yorkie-dependent tumor outgrowths.
Results
EcR and USP are required in the PG for metamorphosis. Figure S1 ), we analyzed the phenotypes due to depletion of EcRs in the PG by using the phantom (phm-Gal4) driver.
After tool validation (Supplementary Data and Supplementary
The symbols↓or↑indicate downregulation or upregulation, respectively. The condition EcRA↓ allows normal development until L3 stage which is lengthened 48 h (Figure 1a) . The same effect occurs in 60% of the EcRB1↓ larvae. In the remaining 40% of EcRB1↓ and 100% of EcR↓ or USP↓ larvae, development is halted at L3 stage where they remain over 25 days without entering metamorphosis ( Figure 1a ) and doubling their size by day 5 past due pupariation time (Figure 1b) .
At day 5 post due pupariation time, the fat body of EcR↓ and USP↓ larvae presents 30% fewer cells and larger than normal lipid vesicles (Supplementary Figure S3A) . Larvae become progressively inactive and develop a brown pigmentation, Figure 1 Metamorphosis requires the expression of EcR and USP in the PG. (a) Staged development of genotypes analyzed. phm-Gal4 driven expression of EcR-A RNAi (EcRA↓) prolongs the duration of L3; while that of B1 isoform (EcRB1↓) lets 60% of larvae to pupariate and reach adulthood although with some delay, while about 40% of them remain as L3. When all EcR isoforms (EcR↓) or USP (USP↓) are downregulated, 100% of larvae never undergo metamorphosis. (b) Representative examples of control late L3 compared with experimental larvae (EcR↓ and USP↓) 5 days past due pupariation time. Notice the larger size of mutant larvae. (c) Larval PGs stained with OilRed-O to reveal lipid content. Control larvae at 104 and 120 h AEL show a homogenous and diffuse signal. Under USP↓ conditions, lipids accumulate as droplets at 144 h AEL (24 h delayed with respect to normal). Phenotype is stronger in EcR↓ as droplets appear at 120 h AEL, just before the due pupariation time. Genotypes: Control = phm-Gal44UASCD8-GFP; UASLacZ. EcR↓ = phm-Gal44UASCD8-GFP; UAS-EcR more prominent in the case of EcR↓ than in USP↓ (Figure 1b) . Although brain size did not appear affected, larval neuromuscular junctions are enlarged with extended branching and double number of synapses ( Supplementary Figures S3B and C) . This neuronal effect following EcR inactivation in the PG is akin to that previously reported, 23 albeit, in that report, metamorphosis was delayed, rather than prevented, and the method used was the downregulation of the torso receptor. Moreover, the imaginal discs of larvae with EcR↓ and USP↓ in the PG show increased cell death and reduced size with abnormal localization of Wingless (Supplementary Figure S3D) .
In addition to these systemic effects, the PG was examined in detail. Whereas cell number remained normal, EcR↓ and USP↓ PGs stained with Oil Red O show lipid droplets abnormally accumulated in the cytoplasm. The accumulation occurred 24 h sooner in EcR↓ animals than in USP↓, but in both cases, the effect increased by 144 h AEL, 24 h after due pupariation time (Figure 1c ).
EcR and USP are required for ecdysone synthesis in PG cells. To study the role of EcR/USP in ecdysone synthesis, we measured the expression of ecdysone-synthesizing genes by qRT-PCR. Expression of disembodied, shadow and phantom increased significantly between early and late L3 stages in controls. However, this was abolished in experimental larvae (Figure 2a and Supplementary Figures  S4A and C) . The modest increase of torso expression in the control was also absent in experimental larvae (Figure 2a and Supplementary Figure S4D) .
To determine whether the failure to pupariate was due to altered levels of ecdysteroids, we measured them. As expected, ecdysteroids increased between early and late control L3 corresponding to the ecdysone synthesis peak previous to pupariation, but that increase was not observed in EcR↓ or USP↓ larva (Figure 2b ). When ecdysone production is compromised, metamorphosis can be rescued by feeding 20E to mutant larvae. Surprisingly, this procedure failed in our EcR↓ and USP↓ larvae, although it succeeded to rescue phmGal44UAS-phm RNAi larvae (data not shown). Inspection of phm-Gal4 EcR↓ and USP↓ larvae showed a weak GFP reporter signal in the trachea that increased with age (Supplementary Figure S5) . This signal prompted a closer analysis of the GFP expression domain in phm-Gal44UAS-GFP control larvae. The reporter was already detected in controls albeit at a much lower intensity. Thus, the trachea Figure 2 EcR and USP are required for ecdysone synthesis. (a) Transcriptional profiles for three ecdysone-synthesizing genes (dib, disembodied; sad, shadow and phm, phantom) and the PTTH receptor torso. The qRT-PCR data from whole larvae were obtained at 96, 104 and 120 h AEL, and are shown as a percentage of the value at 96 h AEL. In the control, gene expression peaks just before puparium formation, while in USP↓ or EcR↓ larvae, this peak does not occur. Triplicate measurements from experiments repeated three times. Graphs containing error bars and significance for each gene are shown in Supplementary Figures S4 A-D. (b) Ecdysteroid (E and 20E) levels in control and mutant larvae at different time points. Data (pg/mg) are normalized to the 120 h time point. The peak of ecdysteroids that triggers pupariation in control larvae is not detected in larvae expressing EcR↓ or USP↓ in the PG. (c) Broad expression (red) in control PG is substantially abolished by USP↓ or EcR↓ at 120 h. Genotypes: Control = phmGal44UAS-CD8-GFP; UAS-LacZ. EcR↓ = phm-Gal44UAS-CD8-GFP; UAS-EcR RNAi . USP↓ = phm-Gal44UAS-CD8-GFP; UAS-usp
RNAi
. Bar = 20 μm
EcR and USP in cell survival A Mansilla et al should be included jointly with the wing disc (see below) as a low intensity expression domain of phm-Gal4. Likely, the overdue experimental larvae increase phm-Gal4 expression in these low intensity domains. The cumulative expression will increase also the depletion of 20E receptors in target tissues rendering them unable to respond to the fed 20E and, consequently, larvae do not enter metamorphosis.
As further evidence that EcR↓ and USP↓ PGs do not produce ecdysone signaling, we monitored Br-C expression. This family of zinc finger transcription factors is upregulated in all cell types as an early response to the ecdysone surge of late L3. 24 The data show that Br-C is not detected in experimental PGs (Figure 2c ). Thus, we conclude that the characteristic function of PG cells, pro-hormone synthesis, requires EcR and USP.
EcR and USP, but not ecdysone, deprivation affects PG cell survival. The functional defects of PG cells prompted an analysis of cell survival, either causative of, or resulting from, EcR/USP downregulation. Activated caspase-3 (C3) served as cell death indicator. Control larvae do not show immuno-C3 staining. However, EcR↓ and USP↓ glands show consistent signs of cell death which become massive by 144 h (Figure 3a) . Many C3-positive cells also show fragmented nuclear bodies revealed by DAPI. The TUNEL assay confirmed the apoptosis-like process of PG cell death under EcR↓ or USP↓ conditions ( Figure 3b ).
As ecdysone synthesis failure and cell death coincide in time, we questioned whether ecdysone deprivation could cause cell death. To that end, we analyzed PGs where phantom, one of the ecdysone-synthesizing genes, is knocked down. In this experiment, the phantom↓ condition was switched-on in L2, using the Gal80 ts repressor, in order to bypass the vital requirement of this gene in embryogenesis. As expected, these larvae showed extremely low ecdysteroid levels (Supplementary Figure S6) and did not pupariate. However, opposite to EcR↓ or USP↓, phantom-depleted PG cells did not show C3 activation (Figures 3c and d) . Actually, cells showed a notable increase in size. Next, we questioned whether ecdysone could be required for PG cell survival through an autocrine mechanism. To that end, we inactivated Kish and Gryzun, two genes required for vesicle trafficking and secretion. 25 In both cases, PG cells did not show signs of apoptosis although, as expected, larvae did not pupariate (Figures 3e and f) . We conclude that the lack of ecdysone does not cause PG cell death. More likely, the activation of a cell death program may cause halting of ecdysone synthesis.
EcR-and USP-depleted PGs degenerate through a mechanism different from autophagy. Wild-type PG degenerates during metamorphosis in a process that shows electron microscopy features characteristic of autophagy, rather than apoptosis. 26 To ascertain the mechanism of PG degeneration in the absence of EcR or USP, we considered autophagy. The Atg8-cherry marker appears to indicate autophagy triggering because the reporter signal accumulated in cytoplasmic dots, presumably autophagosomes ( Figure 4a ). However, downregulation assays of autophagy genes, 27 including Atg1, Atg4, Atg5 and Atg7 were unable to rescue EcR/USP-dependent cell death in the PG or the failed pupariation phenotype (Figure 4b ). To consider alternative cell death mechanisms, we screened through genetic modifiers. The dIAP1↑ and reaper↓ conditions were most effective, along with constitutively active ras↑ and p35↑ (a caspase inhibitor from baculovirus). Notably, dIAP1↑ was a more effective suppressor of EcR↓ than of USP↓ (Figure 4b ). This differential effect could reflect the distinct set of genes targeted by EcR versus USP. On the other hand, sickle↓ and hid↓ (apoptosis effectors) failed to rescue the L3 arrest phenotype. In addition, upregulating the receptor that triggers ecdysone synthesis, Torso, 28 or upregulating the early effectors of ecdysone signaling, Br-C genes, 24 also failed to bypass the deleterious EcR or USP downregulation ( Figure 4b ). This is consistent with the lack of ecdysteroid synthesis in experimental larvae shown by direct measurements above (Figure 2b) .
Interestingly, mutated EcR isoforms that do not bind ecdysone, EcRB1
W650A , or cannot activate target gene transcription, EcRB1
F645A , 7 rescue to some extent the metamorphosis blockade ( Figure 4b ). This is additional evidence that EcR/USP-dependent effects in the PG are ecdysone-independent. Further, downregulating Eip93F, which is a cell death signal induced by the pupal ecdysone pulse once metamorphosis is underway and that regulates reaper and other apoptosis genes during salivary gland cell death, 29 failed to rescue the phenotype under study (Figure 4b ). Thus, Eip93F can also be excluded from the EcR/USP-dependent cell death mechanism.
Beyond the use of RNAi lines to elicit the USP/EcR↓ conditions, we tested also FRT/FLP clones of mutant allele Figure S4E) . Together, these data support the cell survival requirement of EcR and USP in the PG and suggest that their deprivation causes cell death through a mechanism that is unrelated to the autophagy that occurs during pupal metamorphosis, but that is similar to apoptosis. 30 In this context, then, it is likely that the observed activation of Atg8-cherry, which is not followed by the involvement of autophagy genes, could reflect a stressdependent event as previously described. 31 EcR and USP promote PG cell survival by repressing the JNK pathway. The Jun Kinase (JNK) pathway activates apoptosis in many Drosophila cells where the enzyme is encoded by basket (bsk). 32, 33 We explored the JNK signaling in the PG cell death induced by EcR or USP depletion. To that end, we monitored the expression of its effector puckered (puc) as reported by puc-LacZ. While control PG does not show noticeable puc-LacZ expression, the EcR↓ condition does (Figures 5a and b) . The puc-LacZ signal was validated by direct bsk overexpression in the PG 34 ( Figure 5c ). Driving bsk causes PG cell death with caspase-3 activation (Figure 5d ) and, as expected, failure to enter metamorphosis. Interestingly, the co-expression of EcRB1 W650A suppresses the bsk/JNK effect ( Figure 5e ) and allows larvae to pupariate and reach adulthood. This suppression includes the transcriptional normalization of reaper (Figure 5f ), an apoptosis hallmark gene whose transcription is directly regulated by EcR/USP. 35 As expected, dIAP1 transcription is reduced by bsk/JNK↑ and normalized to some extent by EcRB1 W650A (Supplementary Figure S4F) . These data favor an apoptosis-type mechanism for the EcR/USPdependent cell death in the PG. It is plausible that EcR/ USP depletion triggers JNK activation through puc and, simultaneously, relieves repression of reaper. This relief would further activate JNK which, in turn, would induce reaper expression. On the other hand, the suppression of apoptotic features by EcRB1 W650A overexpression further supports the ligand-independent nature of the EcR requirement for cell viability.
Imaginal disc and salivary gland cells do not require EcR/USP for cell survival. To test whether the effects of EcR or USP depletion in the PG are common to other cell . Kish↓ = phm-Gal44UAS-CD8-GFP; UAS-kish RNAi . Gryzun↓ = phm-Gal44UAS-CD8-GFP; UAS-gry RNAi . Bar = 20 μm types, we analyzed the wing pouch and salivary glands using the rotund-Gal4 driver combined with the elav-Gal80 repressor. Suppressing the driver in the nervous system was needed to allow larval viability. Following C3 immunostaining, no increase of apoptosis was detected in either cell system (Figures 6a and h) . Also, bsk↑-induced apoptosis in the wing pouch was not rescued by upregulating EcR isoforms, including the one that does not bind ecdysone, in contrast to PGs (Figures 5g and j) . These data are consistent with the lack of reaper upregulation in wing discs and salivary glands in EcR↓ and USP↓ animals ( Figure 4e , right panels). The absence of cell survival effects was also confirmed in the leg disc (en-Gal4) and Malpighian tubuli (ppl-Gal4) by the C3 criterion (Supplementary Figure S7) . Also, depletion of EcR or USP in the wing pouch did not affect cell proliferation as revealed by the phospho-histone H3 criterion (Supplementary Figure S8) . In the salivary glands, cell size was strongly reduced in USP↓ and EcR↓ conditions (Figures 6e and i) . This phenotype was not rescued by upregulating any EcR isoform, in particular EcRB1 W650A , indicating that it could be ecdysone-dependent. A minor increment of reaper expression was detected with EcR↓ (Figure 4e ), suggesting that depletion of this receptor, but not USP, could have some deleterious effect on salivary gland cells although still compatible with viability. Thus, we conclude that EcR and USP are required for cell survival in a cell type-specific manner. EcR and USP can repress tumor growth. Anti-hormonal treatment is often used against human cancers that overexpress steroid receptors. However, development of resistance and heterogeneous responses to steroid treatments over prolonged therapy are not uncommon. 36, 37 We reasoned that the ligand-independent cell survival effects of EcR and USP in the PG of Drosophila could eventually help to understand that heterogeneity of responses to therapies. In that context, we explored the effects of EcR and USP deprivation in yorkie-elicited PG tumors. A constitutively active form of yki, yki*, (see Materials and Methods) was driven to the PG yielding a substantial overgrowth (Figures 7a  and b) . The overgrowth was largely suppressed by EcR↓ (Figure 7c ) and about 10% of larvae entered metamorphosis. Larvae that did not pupariate showed activated C3 staining over time (168 h AEL) (Figure 7d ). The yki*-induced overgrowth during L3 could be restrained also by bsk-induced cell death, albeit, in this case, no larvae entered metamorphosis and overdue PGs (168 h AEL) showed abundant C3 activity (Figures 7e and f) . Thus, EcR↓ rather than bsk↑, seems a better strategy against this type of tumors.
Although seldom mentioned, the phm-Gal4 expression domain includes a low intensity, small number of wing disc cells corresponding to the adult wing hinge (Figure 7g ).
We took advantage of this domain to analyze yki* and EcR effects in the wing disc to test the cell type specificity of EcR requirement in the context of tumor overgrowth. yki* caused overgrowth by 120 h AEL (Figure 7h ) that, contrary to the PG, neither EcR↓ (Figure 7i ) nor bsk↑ (Figure 7j ) conditions could counteract. Past the due pupariation time (168 h AEL), the yki*-induced overgrowth became massive and, again, neither of the two experimental conditions repressed it (Figures 7k and l) . The overgrown domain of wing discs expressed wingless (wg) albeit in an aberrant pattern (Supplementary Figure S9) .
We addressed the mechanism of EcR↓-dependent cell death in the context of yki*-dependent tumor condition in the PG. As yki is a reaper repressor, 38 we monitored by qRT-PCR the expression levels of reaper in dissected Ring glands (Figure 7m) . The data show a significant transcription increase by either of the two methods of inducing cell death, bsk↑ or EcR↓, even when overexpressing yki*. To discard that the partial suppression of tumor overgrowths could result from using several UAS target constructs that may have diluted the Gal4 driver, we generated genotypes with an extra UAS-cherry construct. Under these conditions, no weakening of bsk or yki* phenotypes in the PG were evident (Supplementary Figure S10) . Finally, in an attempt to explore other tumor-eliciting conditions, we generated FLP/FRT somatic clones for the double condition Ras V12 /lgl RNAi and tested the effect of USP↓. The simultaneous attenuation of lethal-giant-larvae (lgl) and the constitutive activation of Ras (Ras V12 ) yield enlarged PG cells, albeit not tumorous overgrowths (Supplementary Figure S11A) . However, USP↓ did rescue this phenotype (Supplementary Figure S11B and C) which validates the USP/EcR effects on overgrowths of a different origin.
Discussion
The data show a novel requirement for steroid receptors EcR and USP for cell survival that is ligand-independent and cell type-specific. PG cells depend on these receptors and their deprivation causes apoptosis-like death that involves reaper, bsk/JNK and dIAP. This death process seems unrelated to autophagy which characterizes the ecdysone-triggered cell degradation of other larval tissues at normal metamorphosis. The case further illustrates the diversity of pathways, often sharing signals, which can lead to cell death. Recently, evidences have been gathered indicating that sensitivity to apoptosis is acquired by tissues at two specific steps during development, embryogenesis and pupariation. 39 The data on EcR and USP coincide with the pupariation time requirement and provide a mechanism for this sensitivity.
On the basis of phm-Gal4 and phm-Gal4/Gal80 ts driving systems, two types of experiments have been carried out: chronic and L2 switch-on (Gal-80 ts ), respectively. The EcR↓ and USP↓ conditions were tested in both experiments yielding the same result, arrest in late L3 before pupariation. This, plus the lack of detectable ecdysteroid biosynthesis, frames the temporal requirement of EcR and USP for cell survival just prior to metamorphosis at 120 h AEL. The phm-Gal4 driver is expressed in early embryo. 40 However, the two receptors do not appear to cause deleterious effects, further supporting the pre-metamorphosis time requirement for cell survival. By contrast, experiments with bsk and Br-C had to be carried out in the L2 switch-on mode to bypass their early lethality.
From this study, it seems clear that liganded and unliganded EcRs must either regulate different gene repertoires or operate in different modes on the same gene repertoire. As a conceptual frame, two types of ecdysone response sequences in the target genes have been proposed: EcR and USP in cell survival A Mansilla et al inductive ones, where the liganded receptor strongly activates transcription; and permissive ones, in which the unliganded receptor represses transcription until the time when the 20E binding relieves repression. The important difference between the inductive and permissive response elements is that, in the absence of receptor -as it is the case in this study -there will be no activation of the gene controlled by the inductive response element, whereas in the case of the permissive element, the repression is absent and the gene is activated precociously. It was also suggested that EcR and USP monomers separately act as repressors. 7, 15 The observation that EcR↑ rescues USP↓, suggests that the normal repression by EcR/ USP heterodimers can be efficiently carried out by EcR alone, either acting as a monomer or as a homodimer. Alternatively, in the absence of USP, EcR could heterodimerize with a third, unknown, receptor. That idea was suggested for USP in the eye disc morphogenetic furrow progression because EcR is not required in that system. 41 However, the suggestion seemed to conflict with data in Manduca 42 and Drosophila
43
showing that morphogenetic furrow progression requires ecdysone. The issue was provisionally settled by proposing a novel hormone transduction pathway involving an uncharacterized receptor. The EcR-independent function of USP in the eye would occur via heterodimerization of USP with one of the numerous orphan nuclear receptors identified in Drosophila. 44 Actually, it has been shown that USP transiently interacts with FoxO in the PG, as a nutritional-dependent mechanism to control ecdysone biosynthesis before reaching critical weight (i.e., at 82 h AEL). 45 These proposals would be in line with another study showing that silencing USP in the salivary gland does not block glue protein synthesis but it requires EcR. 46 Yet, the binding of ecdysone to a receptor, other than the heterodimer EcR/USP, remained to be proven.
The quantitative data on reaper expression provide an in vivo assay to these proposals. In the PG, but not in the wing disc, reaper becomes de-repressed when EcR or USP are depleted. This transcriptional change is ligand-independent because ecdysone synthesis is abolished in the PG under these conditions, and it can be re-established by EcR alone. Although formally possible, the involvement of a third, unknown, co-repressor would require its strict tissue specificity. The Drosophila homolog of Alien, COUP-TF1, is a corepressor reported to bind EcR but not USP. 47, 48 Out of the current transcriptional cofactors known to bind EcR and USP, histone methyltransferases TRR, 49 dSet2, 50 dG9a, 51 nucleosome remodeling factor NURF 52 and Taiman, 53 all of them act as co-activators, rather than co-repressors. In any event, assuming co-repressors, in the light of the current data, the search for them should be conducted in the PG. Noticeably, the magnitude of reaper de-repression is different in EcR↓ versus USP↓, and in prothoracic versus salivary glands. Thus, either the repressing activity of EcR is stronger than that of USP or, alternatively, additional, still unknown, components of the gene repression complex will be required to account for this quantitative feature on reaper expression control.
Anti-estrogen treatments are often considered in several types of human cancers. However, development of resistance, 36, 37 sometimes due to mutations in their receptors, 54 or undesirable secondary effects 55 including bone mass loss 56 represent serious handicaps. The EcR requirement for cell survival shown here in flies is operative in tumor overgrowths, at least those elicited by deregulated yki or Ras signaling which are conserved in humans. 57 Notably, the yki* condition, although leading to aberrant overgrowth, does not imply a loss of cell identity as tested for the EcR requirement or, at least, does not imply the de novo acquisition of a requirement for EcR. Taken together, the data reported here suggest that targeting steroid receptors may be an efficient strategy against tumor overgrowth providing that the affected cell type requires that particular receptor for survival. This is in contrast to current strategies that focus on modulating systemic steroid levels. A prior characterization of receptor requirement in the affected tissue may provide more consistent results. (#4847), UAS-p35 (#5072), UAS-dIAP1(#6657), tub-Gal80 C98A (gift from Dolores Ganfornina, University of Valladolid). RNAi lines used were obtained from Vienna Drosophila RNAi Center (VDRC) (https://stockcenter.vdrc.at): UAS-usp-RNAi (#16893GD), UAS-rpr-RNAi (#12045GD), UAS-Hid-RNAi (#7912GD), UAS-Sickle-RNAi (#102512KK), UAS-Atg1-RNAi (#16133GD), UAS-Atg5-RNAi (#104461KK), UAS-Atg7-RNAi (#45558GD), UAS-EcR-RNAi (#37058GD), UAS-ptth-RNAi (#102043KK) and UAS-EcR-RNAi (#9327). The genotype elav-Gal80; rotundGal4 UAS-GFP nls was used to drive expression to the salivary gland and imaginal discs without interference from the nervous system expression of the driver Inmunohistochemistry. Larvae were fixed with 4% paraformaldehyde in PBS for 20 min, and then washed with PBS. GFP was directly visualized. Anti-Broad core and anti-EcR antibodies were from the Developmental Studies Hybridoma Bank (University of Iowa) while anti-caspase-3 was from Cell Signaling (Danvers, MA, USA) and anti-phosphohistone H3 (Ser10) was from Millipore (Billerica, MA, USA). Primary antibodies were incubated overnight in PBS containing: 0.1% Triton-X100 5% normal goat serum and 5% bovine serum albumin. After washing with PBS, they were incubated with Alexa 488-, 568-or 594-conjugated secondary antibodies (Invitrogen, Carlsbad, CA, USA). For mounting, Vectashield (Vector Laboratories, Burlingame, CA, USA) containing DAPI was used. Images were acquired using a Leica TSC SP5 confocal microscope (Leica, Wetzlar, Germany).
Quantitative RT-PCR. For quantitative RT-PCR assays from whole larvae, RNA from at least five larvae per genotype was extracted using Trizol (Invitrogen). In case of organ-specific qRT-PCR, 20 Ring glands or 10 salivary glands or 20 imaginal wing discs were dissected from each genotype and RNA was extracted using RNeasy micro Kit (QIAGEN, Hilden, Germany). One to 5 μg RNA were used for reverse transcription, RT, performed with Supercript II (Invitrogen) according to the manufacturer's instructions. Quantitative PCR was carried out using Taqman MGB probes (Applied Biosystems, Waltham, MA, USA) for the different genes analyzed. RNA polymerase II (RNApolII) was used as a housekeeping gene control. Data were captured on a 7500 Real Time PCR System (Applied Biosystems) and analyzed using relative expression to RNApolII and plotted as a percentage of the respective control larva.
Oil Red O staining. Ring glands were fixed in 4% paraformaldehyde for 20 min, washed twice in PBS and incubated in an Oil Red O (Sigma-Aldrich,
